Objective: To evaluate the cost-effectiveness of bariatric surgery in Italy from a third-party payer perspective over a medium-term (10 years) and a long-term (lifetime) horizon. Methods: A state-transition Markov model was developed, in which patients may experience surgery, post-surgery complications, diabetes mellitus type 2, cardiovascular diseases or die. Transition probabilities, costs, and utilities were obtained from the Italian and international literature. Three types of surgeries were considered: gastric bypass, sleeve gastrectomy, and adjustable gastric banding. A base-case analysis was performed for the population, the characteristics of which were obtained from surgery candidates in Italy. Results: In the base-case analysis, over 10 years, bariatric surgery led to cost increment of EUR 2,661 and generated additional 1.1 quality-adjusted life years (QALYs). Over a lifetime, surgery led to savings of EUR 8,649, additional 0.5 life years and 3.2 QALYs. Bariatric surgery was cost-effective at 10 years with an incremental cost-effectiveness ratio of EUR 2,412/QALY and dominant over conservative management over a lifetime. Conclusion: In a comprehensive decision analytic model, a current mix of surgical methods for bariatric surgery was cost-effective at 10 years and costsaving over the lifetime of the Italian patient cohort considered in this analysis.
Introduction
Obesity is a serious disease and a risk factor for diabetes [1, 2] , cardiovascular [3] [4] [5] and musculoskeletal diseases [6] , gynecological problems [7, 8] , and cancer [9] . When conservative methods of treatment for obesity fail, bariatric surgery remains the only effective method of weight loss.
Indications for bariatric surgery in Italy include BMI of more than 40 kg/m 2 or BMI of 35-40 kg/m 2 and the presence of comorbidities that can improve after surgery (metabolic, cardiopulmonary, and mental diseases as well as joint problems) [10] . According to the registry of the Società Italiana di Chirurgia dell'Obesità e delle Malattie Metaboliche (SICOB), 8 ,787 procedures were performed in Italy in 2014 [11] . The number of surgeries increased by 47% from 2008 to 2014. Overall, bariatric surgery was performed in 83 hospitals.
To acknowledge the increasing cost of bariatric surgery in Italy, evaluation of the economic and clinical impact of this treatment is essential for appropriate resource allocation and informed decision-making. Global evidence suggests different estimates of the cost-effectiveness of bariatric surgery, depending on the country context, severity of obesity status, and type of operation. The results indicate that bariatric surgery can be an either cost-saving or cost-effective alternative to conventional methods for managing obesity [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] .
Health economic data are not transferable between geographies due to differences in healthcare systems, payment mechanisms, healthcare policies, and stakeholder interests. Thus, the local economic analysis is necessary to inform decision-makers about cost and projected clinical outcomes of a treatment method. Existing evidence regarding the costeffectiveness of bariatric surgery in an Italian setting is presented by a single study [20] . However, this study had several significant limitations: the analysis considered a short time horizon (5 years) and included only two of the three available surgery methods into the analysis, and besides did not account for the effect of the potential delay of surgery. Due to limited evidence regarding the cost-effectiveness of bariatric surgery in Italy, it is essential to conduct a study assessing incremental cost and clinical benefits of bariatric surgery compared to conventional methods of obesity management.
The objective of this study was to evaluate the cost-effectiveness of bariatric surgery in Italy from a third-party payer perspective over the medium term (10 years) and long term (lifetime horizon).
Material and Methods
We used a state-transition decision analytic Markov model [22] to evaluate the cost-effectiveness of bariatric surgery compared with optimal medical treatment. Full details of the modeling approach, data inputs, and validation activities are reported elsewhere [23] . In brief, obese patients may undergo surgery or continue optimal medical management, experience post-surgery complications or have no complications, develop type 2 diabetes mellitus (T2DM) or cardiovascular diseases (angina, myocardial infarction, stroke, heart failure, and peripheral artery disease), recover from T2DM, or die ( fig. 1 ). During each cycle, which is equal to 1 month, patients may progress from one state to another or remain in the previous state. The probability of moving from one state to another was obtained from literature sources on incidence and/or relative risks for each specific model state. Cost-effectiveness was evaluated over a 10-year and a lifetime perspective.
Input Data
Clinical Effectiveness and Safety Data The risk of complications of obesity in the model depends on age, gender, smoking status, BMI, the level of systolic blood pressure (SBP), and the presence of T2DM. Bariatric surgery, by reduction of levels of BMI and SBP and reduction of prevalence and incidence of T2DM, leads to a reduction of obesity-associated complications rates and mortality. By modeling the risk in the surgery arm and in a patient cohort that did not undergo surgical weight reduction, it is possible to quantify the impact of the surgery on the rate of longterm negative events. Risk prediction models, derived from the Framingham Heart Study were used to calculate the 10-year risk of cardiovascular events [24, 25] . The incidence of diabetes was dependent upon BMI level and was obtained from Picot et al. [12] , based on calculations from Colditz et al. [26] . Remission of diabetes was obtained from 2-and 10-year data from Swedish Obesity Subjects (SOS) study [27] .
Three common surgical techniques which were in use in Italy were included in the analysis: gastric bypass (GBP), sleeve gastrectomy (SG), and adjustable gastric banding (AGB). The impact of different surgical methods on BMI in the base-case analysis was based on the Scandinavian Obesity Surgery Registry (SOReg) [28] . After the latest observation at 2 years, the impact on BMI was extrapolated using BMI change data from the SOS study [29] . After 15 years, BMI was assumed to be stable. Any change in BMI in the optimal medical management arm was based on the change in BMI of the conservative management arm of the SOS study [29] . Change in SBP was obtained from the SOS study for non-diabetic patients [27] and from Ikramuddin et al. [30] for diabetic patients. For analysis in different individual cohorts of patients, BMI change was obtained from individual studies [30] [31] [32] [33] [34] [35] [36] [37] [38] [39] .
The risk of short-term (30-day) mortality was obtained from an annual report of the Italian Society for Bariatric Surgery and Metabolic Disorders (SICOB) [40] . The risk of 30-day serious adverse events and reoperations in the base-case analysis was obtained from the SOReg [28] . SOReg 2011 data were also used to estimate the 2-year risk of complications of surgery (including cholecystectomy, abdominal hernia repair, leakage and abscess, gastric stricture, and gastric ulcer) [28] . The rate of conversion surgery was obtained from a controlled study of gastric bypass and adjustable gastric banding over 4.2 and 3.6 years of follow-up, respectively [32] . Conversion probability for SG was assumed to equal to one for GBP.
Normal mortality was based on gender-specific Italian life tables; normal non-ischemic heart disease mortality was calculated by subtraction of mortality due to ischemic heart disease from all-cause mortality. The presence of any cardiovascular event or diabetes influences the risk of having associated conditions (e.g,. risk of myocardial infarction is higher in patients who have heart failure) and mortality which was obtained from a number of epidemiological studies. [41] [42] [43] [44] [45] [46] [47] [48] [49] [50] [51] [52] .
Clinical inputs are presented in table 1 .
Resource Utilization and Cost Data Evaluation of the resource utilization and cost data was performed using Italian sources ( table 1 ) . Only direct medical costs were included in the analysis.
The cost of bariatric surgery procedures with or without complications were based on the Italian national DRG tariff from 2013 (DRG 288 for GBP, SG, and AGB). Post-surgery care was based on single expert opinion. The unit cost for outpatient physician visits was set to zero because general practitioners are paid on capitation basis and the marginal cost of extra visit approaches zero. Using a conservative approach, it was assumed that patients who do not undergo surgery require no annual visits to a general practitioner or any other obesity-related care. The scope of conventional treatment was obtained from the SOS study [27] . These data are in line with results of systematic literature reviews and meta-analyses [12, [53] [54] [55] , where conventionally treated patients received the unstandardized nonsurgical treatment for obesity, ranging from [40] . The costs of the end-stage organ damage health states were obtained from the Italian literature and international studies when no local cost was available [56] [57] [58] [59] [60] . Cost data are presented in 2015 in EUR. Inflation adjustment was performed using the Italian consumer price index.
Utility Data Utilities (health-related quality of life) were estimated using EuroQol-5D (EQ-5D). Utilities were dependent on BMI level and presence of diabetes [13] . In addition, the disutility of having cardiovascular disease was obtained from data from UK adaptations of US Medical Expenditure Panel Survey EQ-5D mapping study [61] .
Cohort Description
First, the base-case (primary) analysis included summary characteristics of candidates being considered for bariatric surgery in Italy. These so-called 'multiple cohorts' were extracted from the SICOB patient registry [40] , the SOS study [27] , and the Organisation for Economic Co-Operation and Development's data about the proportion of the smoking population [62] . This analysis was performed in a cohort of 41-year-old patients with a mean BMI of 46 kg/m 2 and a mean SBP of 140 mm Hg; 25% were male, , 20% had T2DM, and 14% were smokers. Patient characteristics were extracted from the SICOB registry [40] .
Second, cost-effectiveness of bariatric surgery was evaluated in 16 cohorts of 41-year-old non-smoking males and females with moderate (start BMI 33 kg/m 2 ), severe (start BMI 37 kg/m 2 ), morbid (start BMI 42 kg/m 2 ), and super obesity (start BMI 52 kg/m 2 ) with and without presence of T2DM.
Sensitivity and Scenario Analysis
Validation of the data inputs was performed using deterministic (varying each model's parameters individually while holding other variables fixed at base-case values) and probabilistic (when each variable has random value within pre-determined distribution during 1,000 Monte Carlo simulations) sensitivity analyses. One-way sensitivity analysis was performed using the mean patient characteristics (41-year-old nonsmoking male, with a BMI of 43.7 kg/m 2 , a SBP of 140 mm Hg and absence of diabetes). Cost drivers (variables with a major input to the costs) were identified, and results are presented by means of a Tornado diagram. Specific conditions were applied to the binary input parameters (gender, smoking, and diabetes status). For the 'gender' parameter, 'male gender' was considered as max input, 'female gender' as minimum input. For diabetes and smoking, their presence was considered as max input, their absence as minimum input.
A probabilistic sensitivity analysis was performed using beta distribution for the probabilities as well as gamma distributions for the longitudinal data, the cost data with descriptive statistics available, and the utility data. Lognormal distributions were used for the relative risks. Uniform distributions were used for parameters based on expert or analyst assumptions and for parameters where descriptive statistics were not available in the original publications. Reimbursement tariffs were not tested in probabilistic analysis.
Analysis
The present analysis was performed from a third-party payer perspective over 10 years and a lifetime horizon. All costs and outcomes beyond the first year were discounted by 3.0% annually according to the recommendations of Italian Association of Health Economics (AIES) [63] . Surgery was considered costeffective if the incremental cost-effectiveness ratio (ICER), which is calculated by dividing difference in cost between two arms by difference in quality-adjusted life years (QALYs, was below the societal willingness-topay threshold of EUR 50,000/QALY [64] . Clinical effectiveness was evaluated by analyzing the cumulative rates of adverse events and the relative risk of adverse events over a 10-year period and over a lifetime. The model was constructed using Microsoft Excel 2013 (Microsoft Corp., Redmond, WA, USA).
In addition to standard evaluation of cost-effectiveness between two technologies, analysis of the impact of delay in surgery provision (watchful waiting) on clinical and economic outcomes in non-diabetic patients was performed. Patients were initially included in the optimal medical management arm, with a move to the surgical arm after 1, 2 or 3 years. Results were compared with the analysis in which patients had received surgery immediately.
Finally, a scenario analysis was conducted with 100% utilization of each surgery method to differentiate the results by technique.
Results

Base-Case Results
Multiple-Cohort Analysis
In the base-case analysis, bariatric surgery increased the cost compared to optimal medical management by EUR 2,661 and generated additional 1.1 QALYs, resulting in an incremental cost-effectiveness ratio of EUR 2,412 per QALY at 10 years. In the analysis over the lifetime of the patient cohort, bariatric surgery led to cost savings of EUR 8,649 and generated an additional 0.5 years of life and 3.2 QALYs ( table 2 ) . Surgery is, therefore, more effective and less expensive than conservative weight management. Also, surgery showed the potential to significantly reduce the risk of negative events, both for 10 years and lifetime horizon ( table 3 ) .
Single-Cohort Analysis The analysis shows that over 10 years, bariatric surgery was cost-saving in all eight cohorts considered as diabetic (moderately, severely, morbidly, and super obese males and females). In the non-diabetic cohorts, surgery was cost-effective in all groups, namely in moderately obese males (ICER EUR 7,198/QALY) and females (ICER EUR 7,710/QALY), severely obese males (ICER EUR 6,659/QALY) and females (ICER EUR 7,026/QALY), morbidly obese males (ICER EUR 2,873-3,447/QALY) and females (ICER EUR 3,133-3,698/QALY), and super obese males (ICER EUR 1,030/QALY) and females (ICER EUR 1,177/QALY). The costeffectiveness of surgery increased with the increase of baseline BMI of the cohort. The analysis shows that over the lifetime horizon, bariatric surgery is cost-saving in all eight cohorts considered as diabetic. In the non-diabetic cohorts, surgery was cost-saving in all groups, except for moderately obese males (ICER EUR 155/QALY).
Analysis of Delay in Provision of Surgery
Our analysis revealed that there was a significant reduction of clinical benefits when surgery was delayed for 3 years. There was a difference in performance of 0.1 life years gained and 0.8 QALYs between the immediate operation and watchful waiting with the 3-year delay in the provision of surgery ( fig. 2 ) . Additionally, the cost for provision of surgery increased with the delay of surgery provision, except for the 1st year: the cost of the surgery over the lifetime horizon accounted for EUR 32,398 with the immediate operation, EUR 31,736 with a 1-year delay, EUR 36,704 with a 2-year delay, and EUR 35,493 with a delay of 3 years.
Scenario Analysis per Each Surgery Method
All surgery techniques were dominant compared to conventional treatment at lifetime horizon and cost-effective at the 10-year horizon. GBP was the most beneficial treatment option as it was associated with the highest savings of EUR 9,434 and QALY gains of 3.4 years at lifetime horizon, while at a shorter run of 10 years it was also the most cost-effective alternative to optimal medical management. GBP increased the cost compared to optimal medical management by EUR 3,039 and generated additional 1.4 QALYs, resulting in an incremental cost-effectiveness ratio of EUR 2,228.
Sensitivity Analysis
In deterministic one-way sensitivity analysis, the most sensitive parameters were presence of T2DM (surgery is less cost-effective in the absence of diabetes), age (surgery is less cost- effective in older patients), discount rate for costs (surgery is less cost-effective with a higher discount rate), and baseline BMI (surgery becomes more cost-effective with increase in BMI) ( fig. 3 ) . Probabilistic sensitivity analysis demonstrated that bariatric surgery produced clinical benefits (defined as additional QALYs) and was cost-saving in 100% of the patients and had cost-saving effects in 99.9% of cases, while in the remaining 0.1% it was cost-effective ( fig. 4 ).
Discussion
Our analysis of currently used surgical techniques in Italy indicates that bariatric surgery is cost-effective in the medium term and can save the healthcare system money over a longer time horizon. When the demonstrated lifetime clinical and economic benefits are extrapolated to the patient cohort, which received surgery during 2014 in Italy (n = 8,787), it would result in savings of about EUR 76 million and generate an additional 4,393 person-years or 28,118 person-QALYs over the lifetime of the operated cohort. Furthermore, a cost-saving effect was also demonstrated over lifetime for all patients except for moderately obese males without the presence of diabetes.
Our results have originated from decision analytic modeling, which has inherent limitations of being a simplification of reality. Several empirical studies, performed mainly in Sweden and the US, did not demonstrate a reduction in cost when applying bariatric surgery, although they shared common limitations of short time horizon, reporting data for discontinued/outdated surgical techniques (e.g. vertical banded gastroplasty in the SOS study), and extensive use of the open surgical approach [65, 66] . Due to delays in publication and the regular development of surgical techniques, empirical economic evidence may not reflect current safety and efficacy of bariatric procedures. Decision analytic modeling can complement empirical data and bridge knowledge gaps in a timely manner. The results of our study show that bariatric surgery is cost-effective (over the medium term) and cost-saving (over lifetime), and is associated with a significant clinical benefit. Bariatric surgery should, therefore, be prioritized in Italy to treat severely obese individuals. A recent analysis of utilization of bariatric surgery in seven European countries showed that Italy has one of the lowest rates of bariatric surgery interventions (128 procedures per 1 million population), compared with Europe's average (401 procedures per 1 million population) [68] . However, the frequency of bariatric surgery interventions in England and Germany is even lower, with 117 and 72 procedures per 1 million population, respectively [67] .
This study has a number of limitations, as previously discussed [23] . In brief, the analysis did not include all potential obesity-related complications and potentially underestimated cost benefits of surgery. The model did not distinguish outcomes of surgery in different populations of diabetic patients, which could affect the overall effectiveness of the therapy. The data regarding management of patients after surgery or surgical candidates who do not receive surgery was based on assumptions. Risk equation from the Framingham Heart Study may lead to an overestimation of risk of cardiovascular events in Italy [68] . Additionally, using DRG tariffs as a proxy for modeling costs, is a well-known limitation of cost-effectiveness analyses under the common condition of insufficient or unavailable data from hospital-level cost studies. However, in reality, the DRG tariffs appear to a be a rigid estimate for procedurerelated hospital expenses [69] .
Using a broad utilities scoring system, not specific to any country, is a recognized issue and is a limitation in the domain of healthcare evaluation and modeling. However, using validated data sets is a common approach when there is limited or a complete lack of local data [70] .
These limitations should be taken into account while interpreting the results of the study. 
